Three Dimensional Reconstruction of the Native Cardiac Thin Filament Decorated with Myosin-Binding Protein C Fragment: Implications for Cardiac Regulation  by Harris, Samantha et al.
508a Wednesday, February 11, 2015(RNAPs) allows access to the enzyme active site and is a nexus for regulation.
In E. coli, multiple regulatory proteins bind in the SC and reprogram the cata-
lytic activity of RNAP, but how these factors function without interference and
the dynamics of their interactions with RNAP are unclear. GreB is an SC pro-
tein that promotes endonucleolytic transcript cleavage in elongation complexes
that are backtracked by nucleotide misincorporation. Here we used multi-
wavelength single-molecule fluorescence microscopy to characterize in vitro
GreB effects on transcript elongation and the dynamics of GreB interactions
with elongation complexes. Contrary to previous dogma but consistent with
structural data, we found that high GreB concentrations substantially slow tran-
script elongation. During steady-state elongation, GreB binds RNAP at near-
diffusion-limited rates, but remains bound for <1s, approaching the duration
of the nucleotide addition cycle and much shorter than needed to produce a
complete mRNA. To examine whether GreB specifically selects backtracked
complexes, we reconstituted static complexes stabilized in backtracked and
non-backtracked configurations. By verifying the functional state of each mo-
lecular complex measured, we showed that both configurations bind GreB at
rates similar to actively elongating complexes, and that backtracking does
not kinetically stabilize bound GreB. Our results exclude models in which
GreB is selectively recruited to backtracked complexes or is ejected from
RNAP by catalytic turnover. Instead, they suggest that GreB binds rapidly
and randomly to all elongation complexes to patrol for those requiring nucleo-
lytic rescue, and that its short residence time serves to minimize inhibition of
non-backtracked elongation complexes and to prevent interference with the
function of other SC factors.
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RNA polymerase I (Pol I) transcribes ribosomal DNA and is responsible for
more than 60% of total transcription in a growing cell. Despite its central
role in transcription and fundamental role in cell growth and proliferation, a
detailed understanding of kinetics of transcription by Pol I is lacking. We pre-
sent the first direct characterization of Pol I transcription elongation at the sin-
gle molecule level. Tethered particle microscopy shows that the pause-free rate
measured for Pol I, approximately 50 nt/s, is comparable to the in vivo rate
estimated from the number of active genes, the cell division rate and the num-
ber of engaged polymerases determined from EM images. Furthermore, com-
parison of elongation traces in the presence or absence of RNAse A & T1,
reveals strong interactions between the nascent RNA and the DNA tether
that might modulate transcription elongation in vivo. In the presence of RNAse,
Pol I processivity is higher than in the absence of RNAse. Furthermore, when
the nascent transcript is not digested by RNAse, large tether length fluctuations
are noticed which yield an apparently slower average elongation rate of approx-
imately 20 nt/s.
Platform: Actin Filaments and Microtubules
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Actin nucleation is a fundamental biological process involved in several
cellular events. Actin filament nucleation requires several hundred nano-
molars to micro-molar amounts of polymerizable actin monomers. This
requirement makes the impossible use of standard single molecule techniques.
Here, we use zero-mode waveguides to reduce the observation volume and
monitor, with single molecule resolution, the initial steps in actin filament for-
mation. We immobilized gelsolin, a capping and nucleating protein at the bot-
tom of the waveguides and added up to several micro-molar amounts of fully
labeled actin monomers in polymerization conditions. We observe the first
steps during filament formation as step-wise increases in detected fluorescence
intensity. Mean reaction rates are then estimated for each oligomer size. Arrival
time distribution of individual steps reveals the presence of kinetic intermedi-
ates. Furthermore, analysis of oligomer size distribution as a function of actin
concentration reveals transitions at around 600 and 900 nM where the system
dynamics change concomitant with the appearance of filament elongation. The
change in dynamics at the transition is associated with an increase in dissocia-
tion rates. Such transition is blocked by Latrunculin A, suggesting a functional
role for ATP hydrolysis and/or monomer flattening. Our results point towards agelsolin-mediated actin filament nucleation mechanism where protein-protein
interactions trigger ‘nuclei’ instability necessary for filament elongation.
2564-Plat
Actin Filament Nucleation is Influenced by Electrostatic Interactions with
the Bni1p Formin FH2 Domain
Joseph L. Baker1, Naomi Courtemanche2, Daniel L. Parton3,
Martin McCullagh4, Thomas D. Pollard5, Gregory A. Voth6.
1Department of Chemistry, The College of New Jersey, Ewing, NJ, USA,
2Department of Molecular, Cellular and Developmental Biology, Yale
University, New Haven, CT, USA, 3Memorial Sloan-Kettering Cancer
Center, New York, NY, USA, 4Department of Chemistry, Colorado State
University, Fort Collins, CO, USA, 5Department of Molecular, Cellular and
Developmental Biol.; Mol. Biophys. and Biochem.; Cell Biol., Yale
University, New Haven, CT, USA, 6Department of Chemistry; Inst. for
Biophysical Dynamics; James Franck Inst.; Computation Inst., The
University of Chicago, Chicago, IL, USA.
Formins catalyze the nucleation and growth of actin filaments. Here we study
both the structure and interactions of actin with the FH2 domain of budding
yeast formin Bni1p. We built an all-atom model of the formin dimer on an
Oda actin filament 7-mer and studied structural relaxation and interactions be-
tween formin and actin by molecular dynamics simulations. These simulations
produced a refined model for the FH2 dimer associated with the barbed end of
the actin filament and revealed the presence of electrostatic interactions be-
tween the formin knob and actin target-binding cleft. Mutations of two formin
residues which contribute to these interactions (R1423N, K1467L or both)
reduced the interaction energies between the proteins, and in coarse-grained
simulations the formin lost more inter-protein contacts with an actin dimer
than with an actin 7-mer. Biochemical experiments confirmed that there is a
strong influence of these mutations on Bni1p-mediated actin filament nucle-
ation, but not elongation. This suggests that there are different interactions
that contribute to these two functions of formins.
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Mutations in the genes encoding myosin, the molecular motor that powers car-
diac muscle contraction, and its accessory protein, cardiac Myosin Binding
Protein-C (cMyBP-C), are the two most common causes of hypertrophic car-
diomyopathy (HCM). While much is known regarding the structure and func-
tion of myosin, relatively little is known regarding how cMyBP-C interacts
with the myosin or the thin filament (TF) to affect cardiac contraction.
cMyBP-C is comprised of 11 Ig- or Fn- like folded domains numbered C0-
C10 starting from the N-terminus. The N-terminal portion of cMyBP-C is
composed of three actin binding Ig-domains (C0, C1 and C2), the PA linker be-
tween domains C0 and C1 and the M linker between domains C1 and C2. We
have used cryo electron microscopy and image processing to classify the fila-
ments as to whether they contain tropomyosin and either domains C0, C1 or all
three proteins in addition to actin. This approach reveals the position of the C0-
C1 tandem Ig-domains on the surface of the native cardiac thin filaments (TF).
Both the C0 and C1 domains bind to multiple sites on F-actin, but each domain
has its preferred site of binding on the TF when both Ig-domains are present.
Despite a low amino acid identity (27%) between C0 and C1 both Ig-
domains bind to F-actin in the TF through a conserved region. Our data also
demonstrate that only the C1 domain directly interacts with the tropomyosin,
and that this interaction influences the mode of binding of the tandem Ig-
domain to F-actin. We propose a model of how C0 and C1 domains of
cMyBP-C activate the TF and the role of the PA linker in the activation
mechanism.
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Vinculin is an essential cytoskeletal protein that is a prominent component
of focal adhesions and adherens junctions. It exists in an autoinhibited
